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電点に基づき予測可能である。しかしながら、抗体 A は、予測した条件下で AEX 樹脂に
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Therapeutic monoclonal antibodies (mAbs) have been widely focused as molecular targeted drug 
for cancer and autoimmune disease, because of their higher antigen specificity and lower side 
effects. Their worldwide market is year-by-year expanding. 
Many therapeutic mAbs are produced by mammalian cell expression system with Chinese 
hamster ovary (CHO) cells as a host. Culture broth of CHO cells contains not only mAbs but also 
product and process related impurities such as high-molecular-weight species, host cell protein, and 
host cell DNA. In addition, it is well-known that retrovirus-like particles which show non-infectious 
features are included in CHO cells and often released from them. A performance to remove most 
impurities including retrovirus-like particles and adventitious viruses are required to meet an 
acceptable level in an appropriate purification process. 
Many of the humanized mAbs, which possess a common framework, have similar 
physicochemical properties. Consequently, similar purification processes, so-called “platform 
processes,” are often applied as general manufacturing protocols with minimal alterations. Protein A 
chromatography is used as the first capture step in a downstream platform process, followed by two 
or three polishing steps. Cation exchange (CEX) and anion exchange (AEX) chromatographies are 
typically used as a polishing step. 
Manufactures have often tried to streamline the manufacturing process and reduce the production 
cost as far as possible because of higher dose of therapeutic mAbs in clinical and medical fields and 
higher production cost depending on a manufacturing process using mammalian expression system. 
In particular, some resin and/or the other media in the chromatography steps account for a large 
proportion in the raw material costs for mAb manufacturing. In this study, performance of 
purification steps by CEX and AEX chromatographies under flow-through mode conditions was 
investigated in order to develop an efficient platform process for mAb manufacturing.  
First, a virus removal performance in the overload mode, similar to a flow-through mode, on 
CEX chromatography was evaluated (Chapter 2). Although CEX chromatography is commonly 
used in bind/elute mode, the tested overloaded mode could be done under more than 10-times 
loading condition compared with bind/elute mode as efficient and alternative purification method. It 
has been further reported that CEX chromatography in overloaded mode is effective in removing 
many impurities. However, the viral clearance performance in overloaded mode has not yet been 
reported. If the overloaded mode can remove viruses with the same efficiency as the bind/elute 
mode, then the overloaded mode can take the place of the bind/elute mode on CEX chromatography 
step, which requires large amount of media and buffer. The present study showed successful virus 
removal in overloaded mode on CEX chromatography as the first example. Even though the load 
amount in the overloaded mode was 20-times larger than that in the bind/elute mode, the overload 
mode showed the almost same viral clearance performance as a bind/elute mode. This viral 
clearance ability was not significantly affected by mAb features or used resins. This study showed 
the overloaded mode is effective to remove impurities as a polishing step for therapeutic mAbs with 
cost effective features.  
Second, we developed the efficient purification process for the mAb having asymmetric charge 
distribution in flow through mode (Chapter 3). The pH of the mobile phase for AEX 
chromatography is typically set based on the isoelectric point (pI) of each mAb. However, we 
recently encountered a tight binding of mAb A to AEX resins under conditions set by its pI value. 
This anomalous adsorption behavior was suspected to be an effect of the asymmetric charge 
distribution on the surface of the mAb A. We predicted that the use of membrane adsorbers might 
provide effective mAb A purification, since the supporting matrix has a network structure that 
would be less susceptible to interactions with the asymmetric charge distribution on the protein 
surface. We tested membrane adsorber under standard chromatographic conditions and found that 
mAb A flowed through the membrane adsorber, resulting in successful separation from virus 
together.  
In current studies on the purification of mAbs with flow-through mode, the media such as the 
chromatographic resin can be efficiently used and the production cost would be reduced. In 
addition, it was found that mAbs can be purified under similar standard chromatographic conditions 
regardless of their charge distributions using specific membrane adsorber, NatriFlo HD-Q. The 
present outstanding findings are expected to provide universal platform process for mAb 
manufacturing/purification, achieving the steady supply of therapeutic mAbs, and to contribute the 
acceleration by becoming shorten a period for process development of mAb purification. 
 
